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% i tit, 

m urns wi$-m± iz&js. $ ti tz % 2 mm t , 

HyfEf&2mSoOTKji;^/&£ft£^ l 7te&^AH;jk«lt, 
Hufe^l*^iiAP*ihm^^$^THt]IE^2meo-S|5^Si±5i-^^ 1 P^P^t, 

mm i mmm^mim i mnmx •? &*£&p^p@^M£*L7^2p*flps&^ 
i ^mm^mmi^m^o 

mmm i maun, mmm i m%m<DMj&mizmm% i ^mrnxm^m^fm^tttz. 

mzm i s^2 r^p^isti. nufEf^m^^^ts tmnm^z < % & x ^ tzm 
f&ztitz, m*m i \z%m^mmwmi-o 

mUm 1 S^2 P^PS|5{i-J^OXfI^M$n^tf*^6 tifS«S<7)?^lf*#:^^- 0 

mm\m.mm±, m$im2mnmmf&^nfzm2^.mmxm±mt^ iu ibh 2 tr^ 
m\w±m<7)mmizfZf&zti?zm2mmmt zm-tz, m*m6xi* i izmmoimn.®- 

[fif*^9 ] 



[fft*^ 1 o ] 

ssifm^fli, m2mmzmizfzm-fz>XTy-7°t, 
mzm2igm<vmMi l zm i*mmxw5±mzmmzi&irz>XT-> ft, 
mimi fcmmxw±Wk±i<zm i mmm^Mf&i-^^^y ft, 
mum i TkmrnxWitmRz/m i mtzm i TK^iiAP^itM^o^ps^Huie 

^l«fM-ecDP^PSJ; H/h$<i^J:o izmim 2 ISo-IS^iait^ P^P^^ff^ 
HuIEPJP^^^LTBUfE^2«S^«^$n^@£^8I^Mi-^X^ y /t, 

[m^m i i ] 

ituIEP^PSK£^J&1-£X-r v fit, 

mum 1 7K*iiAP*ji:)^icBirfEH2m«o-a^Eai-r^^ i mnu^f^-t^^^ •> 
■ft, 

mum i mmmzmum 1 isp^op^ptij: ^ *>*£^p*ip@£^i-£i£2 mnu*M 

ifc-f&Xf-y ft , 
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[IS^JM 1 2 ] 

mum i inie^t^fyyii, mfis^i^ifm^ff^i-^Btnctf^n^, is* 

[If 1 3 ] 

mumiRvm2fflnmt. "turn, m^^i^m^rm-^ma^fm-t^. m 
im*m 1 4 ] 

mum i r^pfBJiTx^^ hjttfn i;iT-e£&, i^<bi 3 ^tmmmmfc 
im^m 1 5 ] 

[W*JI1 6] 

BulE»2^lf)loSli^HuIES3 P^PMOicM&tmili: tcf£2 7k*;iAlftiLM£^J& 

LT, buI5^3 ^P^rtOmflS^ 1 $.0^2 imMXlH±M\^, iluiEfg 2 m@<7>-£l$£S 
aiL ^o, miE^l7K^iiAP^jJi)ii^O^P@75 ? MIE^2 7RS^AP^jh)ii-e^P^PtlJ: 

1 7 ] 
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[0 0 0 1 ] 
[0 0 0 2] 

mmmwm^t ut, «x.tf, pzt, s b T*oa&8t*#Bi* p t fo±Tii-ei 
mo&KzmmLX7Fm%M^r-?zuft-5fm-?&t) > 3&i*o#*£M ^ (FeRA 

M, Ferro-electric Random Access Memory) t-fUffl $ tlf v> ^> 0 
[0 0 0 3 ] 

*ft;i a initio aonsftftjR (mmmmm) -cusksv^ Tfc^A^jtus^mftm^n 

[#«t3CM 1] #12 0 0 2 -3 0 5 2 8 8 ^teWi (*3K, *1B) 
[#^m 2] 1 - 1 2 1 7 0 4 ($1-81, Hl-60) 

[0 0 0 4 ] 

1^1^ A Bfr jLflgS tm-ffcil -So H P#* * W P«B *5&fi L H P« £ 
Ei»K*BJft-r*J&*. WP«twi3V>r*3lf3jlAI»JhR3ft*IS6*$*L*o-C, BBP«#€>±« 

t5 ? A£<&*K P!P^^^LT±^ma^^M$ti^E^JiiO*/^-v7&^kL-C, SB 
[0 0 0 5] 

[0 0 0 6] 

»*#R_kfc^JSS*LfcllS2*«fc, |21S«Ili:SIM$^fci 1 **iiAlfrik 
JRt * 1 *3RiiAIWJhil±lc^JiRS*L?t* 1 Wilt. » 1 jfc^jiAIWitKfc^JfiS*! 

xm2nmv-M*m&-fz>m 1 ups&ii, ii^»it:ii hhpsbj: »» &A§&iip# 

■C^jftS*ifc*2 R3P8Bfc , £ 1 S.O f ^2^PfP^^LT^2m®^^$^^@^)jii; 
[0 0 0 7] 

**w»=«4 3i»*#*T-oKJ!i^ffi«i, iim i2ti«cM 

i-^^T--7 7°t, *2*S<0*lBK#l**JiAIWJtR«:ii[S^I$-r*^-?-y-/i:, & 1 

y^mmxm±m±izm t M^ist^^t $ 1 ^Jixiwjhiixv* 1 *&f# 

[0 0 0 8] 
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[0 0 0 9] 

hp^oup^^ i mmm-ecom 2 mnu<Dmn&£ n t>'hz < «t 9 cMt^<7) 
t\ i2ti^iTi i^iiAi^itiii^*$n^^<7)M«^}f|]£r, fill hp§m> 
t^2ig^^Lt §^if k m x-r % z mm l > mmm^-m^m m& z fr± $ * 

KH ? -e^„ »l**JiAHfjhKtt-»H*lj|6*JRJ: •) «>*<SJK3ft3fc 

«>, ft 1 HPSI$<9|ij§Pg£/h£ (MLtitl SPStOT^^^ hit#jz& <4>)i:< 
< N 35»o, flUVEoffv^ 1 ttttK-Cttft 2 HUPg&0|i{§Pg£;*;£ < LTft 2 Hi§Pg|$<7>7* 
^ h < fc*O*«UiULTv»;&<0-C, ft 1 S^'l2PIPa^^UIM$WE 

[00103 

^iiwtw^saisi***^^!****^ j: *i*f , ft 2 mmzmm-tz m 1 Tk^AKit 

2it^iTii **Jt AHfjhii^Bfe* $ n * mmomm * w x r , nn <b ft 2 
^lt &ft«#jig k it x-r z *m * mm l , %mmtmv>mm& tfatrntzztn*'? 

§£0 ifc, *l***AI»JhRtt-«^*l«il»RJ:») 4*<^J*$*L*fc*, BBP& 
<3^lftL-r*>*l*3l5JiAI»Jhi|-CORi0»O7X^^ hJfctf**:§ < * 0 K < < . 

[o o 1 1 3 

(i) %\%mm 

lit^^o ^ilftf? J: Lt, FeRAM (Ferroelectric Random Acces 

s Memory) ^KifiJB * ? SrWcW Tl^^-TSo 

[0 0 1 2 J 

^HiS^^^S3^lfm^^ J r/^>^(4 > mi 2 JC^-TJ: -5 tc, S i 0 2 i^^^ift 

n±i:> ^#j^2, Tsr>m®3 , mmmi$m4Rv±mmm5 (^211 

^mmxpi±ms m 1 yKmmxm±m) Rvmmmmi 1 mimmm) mmz 
tLTv^ 0 tfc, 7tc«jtAi^iL)ii8 tc{4±^m®5o-^^^tti-r*^psi5i 0 (ftiia 

□i) ^PiPgO. 2v>f^n^-h^M§ti5i:i:()i:, JMiKJRlU 1 UttBP 
SPl 0 4 *) k^&lilPtlO. 6 v>f*n*- Y)VXWiUU\ 3 (ft 2 RIPfflS) rt*^J£3 
*tTi3*K OXV 1 3 «r^LT±a««5H»«$*LfcT^5E«l»ll 4 (Bc*£ 

It) «?*itv»4 0 H3PSK1 0(4. i^^](:iSoTB&-^iPS0. 2-7-f^n^ 
- h^-effM^tiTiB I) , HP§|U3f4, tt2f|pJK8foTBfr— £tf>H§Pg0. 6vOn 

[0 0 1 3 J 
[0 0 1 4 3 

if, ilC^fJ:^:, CVD (Chemical Vapor Deposition) ft^f^L^S i O 
2 *»<b4*»ib«Jl±U, §UP6 0 nmOT i Nrt* <b &S^»flil 2 , 1 5 0 n m<7) I 
r*»f>«r-5T«B«S3, If 120nmOSBT (SrBi 2 Ta 2 0 9 ) ^f)^-5^ilM4, 
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mm 1 5 0 nrnO I rfrb&&±MMm5. Wklf2 0 0 nmOT iN^^^^-Kvx 

?6*Mt4o :;-e, ff!2, ±«ts 5 s^- Kv^ ^ 6 ax^ . 

■^fti:J:i)ML, 4 fi* fcf> a- * Srfflv^.riliftfMt &o ifc, ^ 

- Kvx ? 6±i:Py^ MHI 7 BIU * h V V ^9 7 -f -XfitCTd 2 tc^-f J: 9 
lxvx 7 &ffM1-&o 

[0 0 15] 

CC-Cfi, ^!^2SO f TS|5««3 £T i NtML/:^ T i NRKSfcfc I r H f 
mzmm S-£Tfc&v> 0 ttz. TMS3*IrT*L^; IrO, PtfCJ;l)i 
ILt^v^U I rIt:$f»C I r 01, P t RfrfltS S*fc#««i6 t LT £v\, 
ifc> Tffl5««3 Ir, Ru, Rh, Re, O s £ ft £ 1 Xfi^ltfcOjjfUc P 

tli^l$*t»j|i:L-C(>S^o §rilffI4^SBTT'fML/;#\ PZT 

(Pb (Z rxOi-x) , SBTN ( (SrBi 2 (Ta, Nb) 2O9) . BLT ( (Bi 

, La) 4T13O12) ^om^mmmmiz «t o-c^LTt^. 

[0 0 161 

:<?)l/yXh/^->'7^i > ;f>'^v^^i:Lt, HI 3 K^l" <£ K^-fxyf 
>7at^-Kv^^6 5:iIt^o K7^i';f «x.lf, ^XifiC 1 

2/BCI3 = 90/10300 nu R Fl^= 6 0 0W, 7E.Jj = 1 0 m T o 

r r , xyf>^HH=30s ecttSo 
[0 0 171 

gKmn 5 , anat m#$i 4 , r^m@ 3 * k 9 << x. ? ?■ > ym-emji-r %><> F7^7f> 

WM^t. fllxtf* ^IIC 1 2 /O2 =10/10sccm, R F*73= 8 0 0 W 
„ j. >y ^ > ^~EE7J = 5mT o r r , x. y ■f- > ^B#IKI = 3 0 0 s e c t1-& 0 
[0 0 18] 

^■cisfe*i-*o K5^iyf m*-&. 3-v*y if if *mm,c i 2 /bc 

l 3 - 7 0/3 0 sccm, R Ft^]- 8 0 0W, x. y -f- > ^J±7J = 5mTo r r, x. y 
+ yvnf§ i =4 Osecttio 
[0 0 19] 

H16 JC^i-J: ^ tc, A 1 2 O 3 & •StR^jI Al^ltHH 8 £ C V Dffit^BH 
|otI|5 0nmtfSn o 0 7 K^-*" J: 3 XRiihR 8 _tH V V 7, 

HSri^iL, *> , JV/5 7-f-IjgCioT0. 2 v * n ^ - h ;K7> pa □ SR S: ^-f 

1/-77, 9 ZMtiSL-fZo Y;*f7-y 9 ^x^fy^v^? LT, 

msiZTF-tX n 7K**iAl^ihM8 UPlPgO. 2v-f*n>-h ;KOBBnas 1 0 £5£ 
j£U ±SlS5<7)$IW^iai§« 0 ££T*±, TK^siA^ihM 8 £ A 1 2 Os 
-C^lSLfcd*, 7K^iiAKihM8 (±> **0«««:l»jL«#**t?**ltf&< . SrTa 
Ox. A1N, SrRuOa. ZrOx, RuOx, S r Ox f t'ML-Ct^ 0 
[0 0 2 0] 

Kv^xyf >^ftli> Wxtf. *^S1C h/BCh= 5 0/5 0 sccm 
, R F mTJ = 8 0 0 W, x. y -f- y yj±t) = 5 m T o r r , x 7 f >^||=8 0 s e c i 

[0 0 2 1 ] 

k>7 hA^->9^7 7y >^i:J: •) St*L^^ 11 9 IZTjk-f £ n \z^ S i O 2 #><b 
&£$|J93 0 0 nm©iP«Il 1 H»t4„ 
[0 0 2 2] 

m 1 0 iZTp-rx 0 i^iii i±c*h vv^7 7-f-ig-epiPSo. 
- > 1 2 ^X7f->7*vx * t lt, m 1 1 3 mmm^Wk 1 1 uipgo. 

6 70n^-F JK9BIPSB 1 3 * K5^x-yf y^ft-Cfit^o 
[0 0 2 3] 
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KHiyf^/om #Jx.{£\ ^IICHF3=100sccm < R Flj] = 
6 0 0W, ^ ^ > ?*f±TJ = 5 mT o r r , x-y^-y mf%= 6 0 s e c t-fZ> 0 IOx 
■y ^>^*^#-C-(±, S i 0 2 tA 1 2 Os t<DM1Rlkli2 0 lX±.X"$>&tztb, TkMAIft 
Ihd8 ( A 1 2 O 3 ) u^t^fmn^n^^o 

10 0 2 4 ] 

^•©1, l/y^h/^-vi li7-r>^/i:j:9 B£*U H 1 2 Kfc-fJ: -9 P?iP 
^^LT±^1I 5 lC^$tt^,T;U5ie^fli 1 4 ^MtS„ 

[0 0 2 5] 

u±t£^ l tzm^mxmm. znzsmmtt-* * ^ -> * -e*±, ±3img 5 k r ^ 5 

I14^m/;^3>^h*-;k (B!P«1 3RtM 0) TMliiAHfikffil 8 

lO^iPf (0. 2-r^f^n^- ^g^^lfill 1 tcB^^n^r^P^ 1 3(Dffl 

am (0. 6 W *cm- Mw) J: 19 *>/h$ <f«t^lt KJ: 19, ±£ftm@ 5 <7> jEMfc 

it^fiM $ ^TtiTK^ife AP^itu 8 ztizmmommz mm l , ^mm ah> ±m s -e 
^/<-$^L^</^±^m®5*MO[i«^?ptij-r^o -oig^ p^spsr i o frh±umm 5 
^ l r jt a-t & £ -c § , immtt-m 4 * Kit-c § & 0 

[0 0 2 6 ] 

tfz, mm<nw^7kmmxm±m8 (5 0nm) t^npgisi oor^pti^/j^ < lt 

(0. 2v^?n^-h;i/) , fflnM 1 0 <OT7.^9 b Jt^O . 0 5/0. 2 = 0. 2 

5-c&*k inii o«7^^? hJt^jij^^iiA^WJ-e^ ztz, mm^m^mm 

mmmi 1 (3 0 0 nm) O^PflSl P3Pg£A£ < LT (0. 6vOn^- 

h- ;V) „ bJt£ 0 . 3/0. 6 = 0. 5 t LT, mnU 1 3 ©7^^^ h it<OM 

m%m±zwm-fz><DX\ muui zjktfi o £^LTffM$ft£7 ^se^mi 4<d* 

[0 0 2 7] 

7^5 ge^m 1 4 <7>#^- V- v^lfc^-tir&v^^ti, TT.^^ Y jttfl 

tiO. 2vOn>-fiK 0. 6 v>f ^ - b Lfc**, HifP§R 1 0 O^Pg^^ 
PS&l 3 OPJPSJ: ^ t/h$ttnti\ 5^lfm^M4 0^b^^ihi-'l>«jm^t#^-i:75 s -e 

bJtrt ? l i:ii:K&<b&v>igBT% P^PS|5 1 0<7)P^P!$4-/h$ <-r^>tJt\ TK^il 
AR>iL^£ft-hL#&o 
[0 0 2 8 ] 

(2) m2mmfm 

mi 37^111 7 (i. ^m^m 2 mMvwjzj&z mfrm^mmiimzmwirz 

[0 0 2 9] 

dii±^^*M2, tsism3 (hid . $mmfom4Rtf±Mmm5 (i2ii) 
mxm±m8 (mi^mmxm±m) wm^mmmz o (m2mmm) 

£ Q ^^^f)H2 OH(iPBPS|5 2 2tfMJ&ZKXilt) , mn®> 2 2 K{±7M5fjIAI»lhJil 2 
3 (IH2 7kS7iAR>iL!)Ii) /0 ? M$tLrv^ o 
[0 0 3 0] 

**JiAIHfJhR8 3ia f 2 3 ±SR«« 5 <D-U i km&-fZ> mnU 2 4 tfT&fc 

WP«2 4«r^LT±«**5U»«Sil^7/l'5E«Slill 4 (SS^BI) 

[0 0 3 1 ] 
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HP£&2 4(2. ±S|5mS 5 (O— ^^^tHi-^^M^f|5^Hi3V^T^P@7& ? 0. 2^? 
n^- > J^&mffiSOKttfflOiMKisviTHP&^iftO. 6 -v"f ? n ^ - h 

o 

[ 0 0 3 2] 
[0 0 3 31 

^ i ^ifioi i 6 ois^^7t> c vD&-?&mmxm±m:8±i l z > s i 
o 2 k x nmm3 o o nm<7)mr$mmm2 o *^jsu s & * h u * -ig 

> 2 1 HMt^o 
[0 0 3 4 ] 

xyf ^^ft-C*in*i)i2 0 CiPgO. ;KE>BIP8B2 2 ^MtL 

0 K5^xyf>/oMJi, Will, *^S1CHF 3 - lOOsccm, RF1^]6 
0 0 W, x 7 f > ^J£# = 5mTo r r, x 7 f> ^*B#^ =60secf*^o 
[ 0 0 3 5] 

k>*^ h'<?->2 1 £Ty y'/^CJ: *m*L£f£, HI 1 5 tc^f «t tc, CVDfcfc 
■CA 1 2 Os ^P»^^1S2 0 0 nm<?>m2<7)*.mm^Wikm2 3 £M1-& 0 £<£>7kSt 
jiA^jLM2 3l±, «m&&£2 0tf>SmkB§P«&2 2 O togtRV&m K^lSS *U P^P 

sis 2 2<vmmx^±*.mmAMikm8 ciatsj: ? ^ja$*L*o **iiAi*jkii2 3«t 

v*o 7tefcjiAI».lt!liS2 3 fi. $lx«f, AI2O3. SrTaOx, A1N, SrRuOs 
„ ZrOx, RuOx. SrO.lt'Mti. 
[ 0 0 3 6] 

n 1 6 t:^t± -9 7kmmxm±m2 3 * k^^x y^^-ft-e^M^-;/ 

£tf8 Srx 7 f > ^ LT±*1* 5 ©|il(f AllljWtfJt 4 fc t PIPI2 2 Oflg 

K**iiAI&!>ikl£2 3 £SSU *3RJiAI»Jtll8ay f 2 3KHJPW2 4 *3KlR-f &o r^P 

.x-y ^->^tf>3H*Mi, «xlf, A^IIC l 2 /BCl3 =50/50sccm> RFI 
^=8 0 0W, X7f >^0= 5 mT o r r , ^-y f->^H#K= 2 4 0 sectt5„ 
[0 0 3 7] 

125 iMfc-rZo 
[0 0 3 8] 

HI 1 8 1^ **3iA|S£ltJI§l2 3<Ol?t, _h^m@2 3 £8th-r* BBPSB 2 4(0SIf 
OMPgkO|W#«:SJiWr*ia-C**o I^H (a) K^>Mf&AI»jL§l2 3 a 

Oflljyj; f? k N |W|H (b) bZ7F-f*.mm\V5±m2 4 bOHW^Iv^ ran (a) 
, (b) H^-ri 9 JliJ¥0J¥v>7K^iiAP*itM2 3 b £x.-y ? Ltz9,&<DUtf 

. hp*is2 4 b<D]HMi / zn^y^mMxm±m2 3 bojps^nnp^ 4 avftmizmz* 

mMXm±m2 3 a«f$J:f) tl¥< > |P^2 4 bOJM*>H!P«jft*il!P«2 4 a 
[0 0 3 9] 
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$L$tix^z>tztb. mmmzwitmm^. ^mrnxm^msRV 1 ^ 3^m^m^*tx± 

[0 0 4 0] 
[0 0 4 1 ] 

it A Wit B£ 8 O PUP SIS 1 0 ^WmfeiKltl 1 1 3 t*%\]*<DTM. BP*>2JKo* 

h 'J V ^ 9 -7 -f - SlXTx. y -f- y yyMX^m t tz i)K *mMftmx* It, |PH52 4^ fcm 

mxm±m2 3 *^ix7f^7 * Ltiei^tcMt^^*, 2 h <; 

[0 0 4 2] 

[0 0 4 33 

[0 0 4 4J 

ifc, ^2 07R^iiAl^ih^2 3 0(Hlf ^P^i-^ClttCioT, |^P^2 4 COHEM-C 
*)RlP«*tt«K:«HiPT?#*o BP*>. ±««*5*WC**jiAI»JtK8**«li)l!St*»tL* 

[0 0 4 5] 

[ni2 3 mimMfmfc%z$mmi£m*<vmmjf&zmw-tz>w-Mm (*©2) 0 

[H3J »i^*^#j:«*»»*flt*^o*jt^ft*Kifli--6»fiii0 (fo3) o 

[114] *l^*^»tc«Sttil*'l*:* : f-0»jt^«:KW't*WrliiBI (f©4) 0 

[HI 5 3 *15l|*^3K^«*»j»«#*T-0*jS^S:KW-r-5»fliiEI (-to 5) „ 

[HI 6] »l**^«t:#*K»*fr*^0«jt*rfe<:Klfl't*Wfliiia (f«6) 0 

[117 3 ^lUift^^^^Saifim^^Kii^^UiWi-^BfMEI (f©7) o 

[H8 3 *l**^ff.^#-6 5i»*fr* : f-0»jS^ffi«:KW-r'5»fliiH (f©8) o 

[HI 03 *l*]»3KJK»c«*»»m#*T-0*aS*ft<:rai-*»flBH (^1 0 

) o 

[mi 13 mimmfm^%^mm^m^<Dm^-m^mm-ti>mmm (foi 1 

) o 

[mi 23 ^i*j£S^^«^^if«#^oi?^^^ife^i-^»f®m (-eoi 2 

) o 

[mi 33 *2**^lSPJc«4»»«#*^o«j6*fttlliWi-*llfliiH (-e-oi) 

o 
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